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Introduction
Chronic	 low	 back	 pain	 (CLBP)	 is	 the	
most	 common	 cause	 of	 chronic	 pain	 in	 the	
United	States,	with	over	100	billion	dollars	
spent	 annually	managing	 it.[1]	Many	 people	
seek	 medical	 help	 including	 rehabilitation,	
surgery,	 and	 pharmacological	 treatments,	
but	 continue	 to	 experience	 extensive	 pain,	
disability,	 and	 functional	 limitations.[2]	
Maladaptive	pain	coping	affects	the	outcome	
of	 different	 treatments.[3]	 Pain	 and	 fear	
of	 aggravating	 symptoms	 can	 be	 limiting	
factors	 to	participation	in	a	regular	exercise	
program.[4,5]	 Alternative	 approaches	
to	 decrease	 pain	 and	 facilitate	 return	
of	 function	 would	 be	 valuable	 and	
cost‑effective.

Yoga	appears	 to	be	a	 safe	 self‑management	
intervention	 for	 participants	 with	 CLBP.[6]	
Many	 studies	 have	 shown	 yoga	 decreases	
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Abstract
Background:	 Yoga	 has	 been	 shown	 useful	 in	 reducing	 chronic	 low	 back	 pain	 (CLBP)	 through	
largely	unknown	mechanisms.	The	aim	of	this	pilot	study	is	to	investigate	the	feasibility	of	providing	
yoga	 intervention	 to	 a	 predominantly	 underserved	population	 and	 explore	 the	 potential	mechanisms	
underlying	 yoga	 intervention	 in	 improving	 CLBP	 pain.	 Methods:	 The	 quasi‑experimental	
within‑subject	 wait‑listed	 crossover	 design	 targeted	 the	 recruitment	 of	 low‑income	 participants	
who	 received	 twice‑weekly	 group	 yoga	 for	 12	 weeks,	 following	 6–12	 weeks	 of	 no	 intervention.	
Outcome	 measures	 were	 taken	 at	 baseline,	 preintervention	 (6–12	 weeks	 following	 baseline),	 and	
then	 postintervention.	 Outcome	 measures	 included	 pain,	 disability,	 core	 strength,	 flexibility,	 and	
plasma	tumor	necrosis	factor	(TNF)‑α	protein	levels.	Outcomes	measures	were	analyzed	by	one‑way	
ANOVA	and	paired	one‑tailed	 t‑tests.	Results:	Eight	patients	completed	the	intervention.	Significant	
improvements	 in	pain	 scores	measured	over	 time	were	 supported	by	 the	 significant	 improvement	 in	
pre‑	 and	 post‑yoga	 session	 pain	 scores.	 Significant	 improvements	 were	 also	 seen	 in	 the	 Oswestry	
Disability	 Questionnaire	 scores,	 spinal	 and	 hip	 flexor	 flexibility,	 and	 strength	 of	 core	 muscles	
following	yoga.	Six	participants	saw	a	28.6%–100%	reduction	of	TNF‑α	plasma	protein	 levels	after	
yoga,	while	one	showed	an	82.4%	increase.	Two	participants	had	no	detectable	levels	to	begin	with.	
Brain	imaging	analysis	shows	interesting	increases	in	N‑acetylaspartate	in	the	dorsolateral	prefrontal	
cortex	 and	 thalamus.	 Conclusion:	 Yoga	 appears	 effective	 in	 reducing	 pain	 and	 disability	 in	 a	
low‑income	CLBP	population	and	in	part	works	by	increasing	flexibility	and	core	strength.	Changes	
in	TNF‑α	protein	levels	should	be	further	investigated	for	its	influence	on	pain	pathways.
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pain	 and/or	 disability	 in	 people	 with	
CLBP.	 Participants	 have	 a	 significantly	
greater	 reduction	 in	 pain	 intensity	 and	 pain	
medication	 use	 following	 12	 weeks	 of	 a	
yoga	 program	 than	 those	 receiving	 usual	
care.[7]	 Yoga	 offers	 a	 holistic	 approach	 for	
people	 with	 various	 physical	 dysfunctions	
because	 it	 incorporates	 body	 awareness,	
breathing	 activities,	 physical	 posture,	
and	 meditation	 that	 have	 additional	
biopsychosocial	benefits.	Many	intervention	
sessions	 were	 held	 over	 12	 weeks	 with	
significant	 changes	 in	 the	 outcome	
measures.[8‑11]	The	delivery	of	yoga	reported	
has	overwhelmingly	been	 in	group	sessions	
led	 by	 a	 yoga	 instructor	 with	 infrequent	
adverse	effects.[6,12]

Individuals	 with	 CLBP	 have	 poor	 core	
stability,	 altered	 lumbopelvic	 posture,	
muscle	 imbalance,	 and	 faulty	 movement.	
Posture	 becomes	 mechanically	 faulty	

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com



Colgrove, et al.: CLBP yoga pilot study

253International Journal of Yoga | Volume 12 | Issue 3 | September-December 2019

with	 an	 imbalance	 of	 tight	 and	 weak	 musculature	 that	
could	 benefit	 from	 activity	 such	 as	 yoga	 that	 targets	
both	 flexibility	 and	 strengthening.	 In	 addition,	 functional	
CLBP‑related	 disability	 can	 have	 a	 high	 psychological	
impact,	but	there	are	few	studies	investigating	full	interplay	
of	 biopsychosocial	 factors	 and	 fewer	 yet,	 investigating	
potential	 mechanisms.	 Yoga	 is	 proposed	 to	 play	 a	
role	 in	 health	 by	 reversing	 the	 psychoimmunology	 of	
emotions.[13]	The	mechanism	in	which	it	works	is	unknown.	
Eight	 weeks	 of	 yoga	 training	 have	 been	 shown	 to	
significantly	 reduce	 serum	 levels	 of	 inflammatory	markers	
including	 interleukin	 (IL)‑6	 in	 those	 with	 chronic	 heart	
failure.[14]	 Healthy	 control	 participants	 had	 constant	 tumor	
necrosis	 factor	 (TNF)‑α	 levels,	 while	 participants	 with	
CLBP	 who	 received	 a	 multidisciplinary	 intervention	 had	
decreased	 levels	at	a	6‑month	follow‑up.[15]	However,	 there	
are	 competing	 studies	 suggesting	 that	 yoga	 practice	 does	
not	 alter	 circulating	 TNF‑α	 levels	 in	 healthy	 or	 working	
individuals.[16,17]

CLBP	 is	 associated	 with	 changes	 in	 brain	 chemistry	
in	 somatosensory,	 motor,	 dorsolateral	 prefrontal,	
and	 anterior	 cingulate	 cortices,[18‑22]	 but	 no	 study	 has	
examined	 the	 effects	 of	 yoga	 on	 neurochemicals	 such	 as	
N‑acetylaspartate,	(NAA),	a	neuronal	marker.	The	thalamus	
is	 important	 in	mediating	 nociceptive	 inputs	 to	 the	 cortex,	
but	 studies	 have	 shown	 contradicting	 findings	 regarding	
changes	in	the	gray	matter	volume	of	the	thalamus.[23]

Low‑income	 minorities	 with	 chronic	 pain	 have	 decreased	
access	 to	 treatment,	 which	 causes	 more	 disability	 and	
increases	 costs.[24]	 There	 is	 evidence	 that	 implementing	
a	 yoga	 program	 is	 feasible	 in	 minority	 populations.	
Retention	was	excellent	 throughout	a	12‑week	 intervention	
period	 (97%)	 and	 long‑term	 retention	was	77%	 in	 a	 group	
of	 30	 minority	 adults	 with	 moderate‑to‑severe	 CLBP.[7]	 A	
larger	 study	 reported	 44%–65%	 of	 95	 CLBP	 participants	
attended	 once	 or	 twice	 weekly	 yoga	 classes	 for	 12	 weeks	
with	a	median	attendance	of	10–16	classes,	 respectively,[25]	
and	 showed	 effectiveness	 of	 yoga	 was	 generalized	 to	 a	
racially	 diverse,	 low‑income	 population.	 Patients	 seen	 in	
safety	 net	 clinics	 usually	 do	 not	 have	 adequate	 medical	
coverage;	 thus,	 providing	 yoga	 as	 a	 self‑management	
strategy	 is	 a	way	 to	address	barriers	 and	 the	overall	health	
management	cost	in	the	underinsured.

The	 objective	 of	 this	 pilot	 study	 was	 to	 investigate	
the	 feasibility	 and	 potential	 physical	 and	 physiological	
mechanisms	underlying	yoga	intervention	in	improving	pain	
and	 function	 in	 a	 predominantly	 underserved	 population	
suffering	 with	 CLBP.	 Specifically,	 we	 investigated	 pain,	
disability,	 and	 the	 physical	 measures	 of	 core	 strength	
and	 lumbopelvic	 flexibility.	 The	 secondary	 objective	 was	
to	 explore	 potential	 contributions	 of	 the	 immune	 and	
central	 nervous	 system	 biomarkers	 of	TNF‑α	 and	NAA	 in	
decreasing	 pain	 as	 the	 result	 of	 yoga	 intervention.	 Given	
the	 comprehensive	 nature	 of	 yoga	 treatment	 that	 includes	

breathing,	 meditation,	 and	 postures	 for	 core	 strengthening	
and	 flexibility,	 we	 hypothesized	 that	 yoga	 will	 improve	
pain,	 disability,	 and	 muscle	 flexibility	 and	 strength,	 and	
alter	the	immune	and	central	nervous	systems	biomarkers.

Methods
This	 study	 was	 a	 prospective	 quasi‑experimental	
within‑subject	wait‑listed	 control	 design	 of	 6–12	weeks	 of	
no	intervention	followed	by	12	weeks	of	yoga	intervention.	
The	 study	was	 approved	 by	 and	 followed	 the	University’s	
Institutional	Review	Board	guidelines.

Participants	 were	 recruited	 from	 the	 hospital’s	 family	
medicine	 clinic	 and	 word	 of	 mouth.	 Inclusion	 criteria	
included:	 history	 of	 CLBP	 (>3	 months),	 pain	 intensity	 of	
at	 least	 3	 (on	 a	 0–10	 pain	 scale)	 and	 at	 least	 minimum	
disability	 (30%	 or	 more	 per	 Oswestry	 Disability	 Scale),	
Folstein	 Mini‑Mental	 State	 Exam	 score	 >24,	 and	 English	
comprehending	 individuals	 naïve	 to	 structured	 yoga	
practice.

Exclusion	 criteria	 included:	 current	 pregnancy,	 glaucoma,	
significant	 or	 chronic	 decline	 in	 immune	 function,	 spinal	
fusion	 or	 other	 orthopedic	 surgery	 in	 the	 past	 6	 months,	
history	 of	 chronic	 neurological	 disorders	 (e.g.,	 stroke,	
dementia),	inability	to	make	regular	time	commitments,	and	
lack	of	transportation	to	scheduled	yoga	sessions.	Informed	
written	consent	was	obtained	prior	to	the	initial	assessment.

Participants	 passing	 the	 standard	 magnetic	 resonance	
exclusion	 criteria	 were	 included	 in	 the	 brain	 scanning	
portion	of	the	study.

Procedures

Assessments	 were	 conducted	 at	 three	 points:	
baseline	 (initial),	 the	 week	 prior	 to	 beginning	 the	
yoga	 intervention	 after	 6–12	 weeks	 of	 wait	 period	 of	
no‑intervention	 (pre‑intervention),	 and	 the	 week	 following	
the	 last	 yoga	 session	 (post‑intervention).	 Brain	 scans	were	
conducted	pre‑	and	post‑intervention	only	on	a	small	cohort	
of	participants	who	met	the	criteria.

Assessments

A	medical	 questionnaire	was	 completed	 first,	 blood	 drawn	
second,	 and	 outcome	 measures	 completed	 in	 random	
order	 of	 questionnaires	 and	 then	 flexibility	 followed	
by	 core	 strength.	 The	 primary	 outcomes	 were	 pain,	
disability,	 muscle	 strength,	 and	 flexibility.	 An	 11‑point	
Numeric	 Rating	 Scale	 indicated	 pain	 intensity[26]	 and	 the	
Oswestry	 Low	 Back	 Pain	 Disability	 Questionnaire	 was	
used	 to	 measure	 disability.[27]	 Isometric	 core	 strength	 was	
measured	 for	back	extensors,	upper	abdominals,	 and	 lower	
abdominals	 by	 recording	 hold	 time	 for	 each	 position.[28]	
Spinal	 range	of	motion	 (ROM)	during	a	 forward	bend	was	
measured	 by	 the	 distance	 from	 fingertips	 to	 floor	 bending	
forward	 without	 bending	 at	 the	 knees.[29]	 Hip	 flexibility	
included	 standard	 goniometric	measures	 of	 the	 hamstrings	
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Figure 1: CONSORT Diagram: Over 3 months, 12 participants were recruited 
with 8 completing the study

during	 a	 straight	 leg	 raise	 and	 the	 hip	 flexors	 measured	
in	 side	 lying.	 Outcome	 assessments	 were	 completed	 by	
blinded	research	personnel.

Immune biomarker

TNF‑α	 levels	 were	 obtained	 from	 5	 ml	 standard	 blood	
draws	 into	 nonheparinized	 covered	 test	 tubes	 that	 were	
immediately	cooled	and	processed	for	serum	using	standard	
protocol	 with	 final	 storage	 at	 −80°F.	 Serum	 protein	
levels	 were	 determined	 by	 protein	 assay	 analysis	 using	 a	
commercial	ELISA	kit	(ALPCO,	Salem,	NH).

Brain spectroscopy

Brain	 images	were	 acquired	with	 a	3	Tesla	 scanner	 (Skyra	
scanner;	 Siemens	Medical	 Solutions,	 Erlangen,	 Germany).	
Each	 scan	 comprised	 structural	MR	 and	MR	 spectroscopy	
images,	using	previously	published	protocol[20]	with	the	total	
acquisition	time	of	about	60	min.	MR	spectroscopy	included	
two	 imaging	slabs,	dorsolateral	prefrontal	cortex	(DLPFC),	
and	 thalamus	 using	 a	 developed	 protocol.[20]	Two	 univoxel	
DLPFC	 slabs	were	 selected	 in	 the	 frontal	 lobe	 (Brodmann	
area	 46)	 representing	 the	 right	 and	 left	 side	 and	 sampling	
both	 white	 and	 gray	 matter.	 Similarly,	 two	 univoxel	
thalamus	 slabs	 (right	 and	 left	 sides)	 were	 identified	 from	
the	 anatomical	 landmarks.	 Acquisition	 time	 for	 each	 slab	
was	 approximately	 10	 min.	 Neurochemical	 concentration	
of	 NAA	 was	 analyzed	 according	 to	 previously	 published	
protocol.[20]

Intervention

Hatha	yoga	sessions	with	a	therapeutic	focus	were	held	two	
times	 weekly	 for	 60	 min	 sessions	 directed	 by	 a	 certified	
master	 yoga	 instructor.	 Each	 session	 began	 with	 deep	
breathing	 exercises	 and	 relaxation	 techniques	 progressing	
to	 poses	 designed	 to	 begin	 with	 stretching	 and	 move	 into	
strengthening	[Table	1].	The	session	ended	with	meditative	
relaxation.	The	first	weekly	 session	 emphasized	 restorative	
poses	 and	 the	 second	 session	 was	 more	 movement	 based.	
The	 predesigned	 yoga	 program	 progressed	 from	 simple	
to	 more	 challenging	 poses	 over	 the	 12‑week	 course.	
Modification	 for	 restricted	 movement	 or	 painful	 positions	
was	 provided	 as	 needed.	 Safety	 issues	 were	 monitored	
using	 Common	 Terminology	 Criteria	 for	 Adverse	 Events	
version	3.0.

Statistical analysis

Data	were	analyzed	using	Sigma	Plot	11.0	(Systat	Software	
Inc.,	 San	 Jose,	 CA,	 USA).	 Feasibility	 of	 participant	
recruitment	 and	 retention	 and	 adherence	 to	 intervention	
and	 adverse	 events	 were	 assessed	 by	 descriptive	 analysis.	
Descriptive	 statistics	 (mean,	 standard	 deviation,	 median,	
range,	 and	 95%	 confidence	 interval	 for	 the	 mean	
difference)	 were	 calculated.	 Repeated‑measures	 ANOVA	
was	 used	 to	 detect	 changes	 over	 time	 with	 a P =	 0.05	
significance	 level	 with	 post	 hoc	 analysis	 using	 Holm–
Sidak	method	for	all	pair‑wise	multiple	comparisons.	If	the	

sample	 size	 was	 not	 sufficient	 with	 the	 repeated‑measures	
design,	 secondary	 analysis	 on	 the	 main	 interest	 of	
pre‑	 and	 post‑intervention	 changes	 from	 preintervention	
assessment	and	postintervention	assessment	was	done	using	
paired	 one‑tailed	 t‑tests.	 If	 normality	 failed,	 a	 Wilcoxon	
signed‑rank	test	was	used.

Results
Twelve	 participants	 were	 enrolled	 within	 a	 3‑month	
period	but	eight	participated	 in	 the	 intervention	 [Figure	1].	
Loss	 of	 participants	 occurred	 prior	 to	 the	 1st	 week	 of	
yoga	 intervention.	 There	 were	 seven	 females	 and	 one	
male	 ranging	 in	 age	 of	 23–60	 with	 the	 mean	 age	 of	
45.63	 ±	 14.55	 years.	 The	 overall	 attendance	 rate	 was	
79.7%.	 One	 participant	 missed	 33.3%	 of	 the	 sessions	 due	
to	 out‑of‑town	 work	 obligations.	 No	 adverse	 events	 were	
reported.	 The	 cohort	 completed	 12	 weeks	 of	 yoga	 with	
100%	retention	rate.

Significant	 differences	 were	 found	 following	 the	 yoga	
intervention	 in	 the	 primary	 outcome	 measures	 of	 pain	
and	 disability.	 Intensities	 of	 present	 pain,	 weekly	
average,	 weekly	 best,	 and	 weekly	 worst	 all	 significantly	
improved	 [Figure	 2a].	 Significant	 improvements	 in	 pain	
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Table 1: Yoga program
Yoga sequence with primary rationale, reference for the first mention, and time for each yoga session

Weeks First class: Restorative Minutes Second class: Basics Minutes
1 Opening:	Discuss	class	objectives	and	introductions

Sequence:
a.	V‑Pac	Series‑Pelvic	floor	only	in	supine	for	
awareness	of	pelvic	floor	contraction	in	preparation	
for	breathing	exercise,	engagement	of	multifidi,	and	
engagement	of	PNS[54]

b.	Durgha	(elevator	or	diaphragmatic)	breathing	in	
supine	for	activation	of	PNS	and	mindfulness	of	
breath	awareness[55,58]

c.	Windshield	wiper	pose	(3	phases:	Feet	together,	
feet	hip	width	apart	and	feet	more	than	hip	width	
apart)	for	disc	hydration	for	10	breaths[57]

d.	Legs	up	incline	a	variation	of	legs	on	chair	using	
two	yoga	blocks	and	bolster	for	incline	at	45°	with	
2/4	count	breath	for	LBP	relief[58]

e.	Savasana	continued	in	legs	up	incline	pose	for	
mindfulness	and	relaxation	allowing	work	done	to	
integrate	into	CNS[58]

f.	Switch	to	Savasana	with	legs	on	chairs	ending	
with	simple	twist	to	realign	spine

10

2‑3

5

2

15

10

15

Opening:	Check‑in	(how	is	everyone	feeling	
emotionally	and	mentally/pain	levels	and	location)
Sequence:
a.	Durgha	Pranayama
b.	3‑Part	V‑Pac	Series	engages	pelvic	
floor,	transverse	abdominis	and	rectus	
abdominis	(Mula	and	Udyyana	Bandha)
c.	Seven	Stretches	of	the	spine	in	sitting	
position	(axial	extension	then	spinal	flexion	and	
extension,	then	lateral	flexion	both	sides,	and	
then	spinal	rotation	both	sides)[55]

d.	Simple	twist	before	moving	into	Savasana	in	
basic	relaxation	pose	in	supported	supine[58]

Discussion	and	education	infused	with	each	pose	
not	included	in	time	listed

7‑10

5‑7
5‑7

10‑15

20

2 Opening:	Check‑in
Sequence:
a.	Durgha	Pranayama
b.	3‑Part	V‑Pac	series	in	supine	add	pelvic	tilt	to	
activate	TFL	and	stretch	rectus	femoris
c.	Gyan	Mudra[59]	for	mental	clarity,	focus,	and	calm	
in	Sukhasana	(Easy	Seated	Pose)	position	with	strap	
around	thoracic	spine	and	under	front	of	patella	to	
meditate	with	adaptation	for	LBP[60,61]

d.	Simple	twist	before	moving	into	Savasana	in	
supported	sidelying[58]

7‑10

5‑7
5‑7

7

20

Opening:	Check‑in	and	education	on	breathing	and	
stabilization
Sequence:
a.	Softball	breathing	is	visualization	to	extend	
and	lengthen	breath	to	focus	on	puraka,	rechaka,	
and	kumbhaka[55]

b.	Alternating	spinal	balance	in	all	fours	position	
to	activate	multifidi,	abdominal	muscles	and	
pelvic	floor	muscles	for	stabilization[54]

c.	Seven	stretches	of	the	spine
d.	Tadasana	incorporating	V‑Pac	series	for	
postural	awareness	to	focus	postural	stability[54,62]

e.	Setu	Banda	Sarvangasana	
(Supported	Bridge	variation)	in	supine	with	
hips	over	bolster	or	block	in	bridge	position	
for	psoas	relaxation[53]

f.	Savasana	in	basic	relaxation	supported	supine	
starting	with	meditation:	“I	breathe	in	life	and	
breathe	out	love”	with	pranayama
Then	telling	with	monkey	story	for	thought	
awareness.	End	with	simple	twist

2‑3

5

10

10
5

7‑10

5

15

3 Opening:	Check‑in
Sequence:
a.	Durgha	Pranayama
b.	3‑Part	V‑Pac	series
c.	Gyan	Mudra	in	Sukhasana	position	with	strap	
around	thoracic	spine
e.	Corpse	pose	for	relaxation	and	stress	reduction
f.	Savasana	in	in	basic	relaxation	pose	in	supported	
supine	with	harmonium	meditation

3‑5

5‑7
5‑7
5

15‑20
15‑20

Opening:	Check‑in
Sequence:
a.	Harmonium	sound	meditation‑Bhakti	Yoga	
introduction	with	chanting[56]

b.	Alternating	spinal	balance	in	all	fours	position
c.	Seven	stretches	of	the	spine
d.	Tadasana	incorporating	V‑Pac	series
e.	Supported	bridge
f.	Savasana	in	in	basic	relaxation	pose	with	
harmonium	meditation

3‑5

5

10
10
5‑7
5‑7
20
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Table 1: Contd...
Yoga sequence with primary rationale, reference for the first mention, and time for each yoga session

Weeks First class: Restorative Minutes Second class: Basics Minutes
4 Opening:	Check‑in

Sequence:
a.	Durgha	Pranayama
b.	3‑Part	V‑Pac	series
c.	Meditation	in	preferred	supine	or	seated	position	
using	mirrored	focus	for	visualization	techniques	for	
pain	management
d.	Simple	twist	before	moving	into	Savasana	in	
choice	of	supine	legs	on	chair	position	with	hips	at	
90°	(Instant	Maui)	or	legs	on	bolster	positioned	a	
top	two	blocks	(Stonehenge)	45°‑60°	hip	flexion	for	
reduction	of	muscular	fatigue,	and	lumbar	muscle	
relaxation[54]

7‑10

5‑7
5‑7
5‑7

20‑25

Cancellation	due	to	inclement	weather.	Session	
made	up	at	end

5 Opening:	Check‑in
Sequence:
a.	3‑part	V‑Pac	Series
b.	Windshield	Wiper	Pose
c.	Savasana	in
Stonehenge	position
Elevated	Supta	Badha	Konasana[58]

*All	Savasana	included	4/6	count	
breath	(Visamavrtti	Pranayama)	to	activate	PNS

7‑10

5‑7
2

15‑20
15‑20

Opening:	Check‑in
Sequence:
a.	3‑part	V‑Pac	series
b.	Seven	stretches	of	the	spine
c.	Adho	Mukha	Savasana	(Downward	
Facing	Dog	Pose)	at	the	wall,	bar,	door	with	
straps	(Hanging	Dog)	for	spine	traction,	
paraspinal	muscles	stretch	and	relaxation[58]

d.	Virabhadrasana‑1	(Warrior	I)	with	hands	on	
hips	in	partial	extension	‑	for	low	extremity	
alignment,	spine	stabilization	through	core	
strengthening	(lower	abdominal	and	gluteal	
engagement),	and	hip	flexor	stretching[54,55]

e.	Simple	twist	before	moving	into	Savasana	
with	legs	on	chair

3‑5

5‑7
10
15

10

15

6 Opening:	Check‑in
Sequence:
a.	3‑Part	V‑Pac	series
b.	Seven	Stretches	of	the	cervical	spine[55]

c.	Breathing	Pidgeon	Pose	(Figure	Four	Stretch)	for	
stretching/releasing	piriformis	and	gluteals[54]

d.	Supta	Padangusthasana	l	with	hamstring	traction	
using	straps	to	keep	pelvis	stable	during	hamstring	
stretching[54,60,65]

e.	Simple	twist	before	moving	into	Savasana	with	
legs	on	chair	or	side	lying

5‑7

5‑7
10
10

15

15‑20

Opening:	Check‑in
Sequence:
a.	3‑Part	V‑Pac	series	in	seated	position
b.	Seven	stretches	of	the	spine	in	seated	position
c.	Ujjayi	Breathing	to	slow	breathing	by	relaxing	
CNS	and	engage	abdomen	incorporate	into	
remaining	poses[56]

d.	Virabhadrasana	ll	(Warrior	2)	for	low	
extremity	alignment,	strengthening	external	
rotators,	spine	stabilization	through	core	
strengthening	(lower	abdominal	and	gluteal	
engagement),	and	hip	flexor	stretching	
standing[54,55]

e.	Ardha	Uttitha	Trikonasana	(Half	Triangle	
Pose)	‑	First	½	of	Triangle	Pose	in	standing	to	keep	
pelvis	stable	actively	during	hamstring	stretch	
while	engaging	gluteus	medius	and	TFL[54,63]

f.	Surya	Namaskar	(Half	sun	salutation)	to	
increase	ROM	and	spinal	flexibility,	and	to	
retrain	breath	with	movement	(breath	through	
rather	than	holding	breath)[55,62]

g.	Seated	twists	to	stretch	piriformis	and	spinal	
ROM[54]

h.	Savasana	in	preferred	position

7‑10

5‑7
10
5‑7

5‑7

10

7

5‑7

20
Contd...
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Table 1: Contd...
Yoga sequence with primary rationale, reference for the first mention, and time for each yoga session

Weeks First class: Restorative Minutes Second class: Basics Minutes
7 Opening:	Check‑in	(7‑10	min)

Sequence:
a.	Durgha	Pranayama	(5‑7	min)
b.	Breathing	Pidgeon	pose[54]

c.	Supta	Padanghustasana	with	traction	using	strap	
for	proprioceptive	input	encouraging	alignment	of	
the	pelvis	and	creating	space	in	the	lumbar	spine	
and	strengthens	lower	abdominals	and	hip	internal	
rotators[60]

e.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

3‑5

5‑7
20
15

15‑20

Opening:	Check‑in	(7‑10	min)
Stabilization	in	back‑bending	education
Sequence:
a.	Seven	stretches	of	the	spine
b.	Bhujangasana	(Cobra)	and	Sphynx	variation	to	
open	chest,	shoulders,	and	throat	while	lengthening	
the	spine	and	increasing	spinal	flexibility.	It	also	
strengthens	the	low	back,	shoulders,	and	legs.	
Cobra	pose	can	reduce	mild	depression,	anxiety,	
and	stress.	Five	breaths	dynamically	and	five	
breaths	statistically[61]

d.	Triangle	with	partners	using	strap	to	anchor	
the	hip	in	place,	helping	with	the	extension	of	the	
lower	side	of	the	trunk[66]

e.	Simple	twist	before	moving	into	Savasana	in	
basic	relaxation	pose

7‑10

10
5

15

20

8 Cancellation	due	to	inclement	weather.	Session	made	
up	at	end

Opening:	Check‑in
Sequence:
a.	Samavrtti	Pranayama	in	3‑Part	V‑Pac	series×10[66]

b.	Seven	stretches	of	the	spine
c.	Plank	knees	down	variation	to	engage	
obliques,	abdominals,	and	shoulders.	It	also	
builds	arm	strength[54]

d.	Cobra	and	Sphynx	Variation
e.	Adho	Mukha	Svanasana	(Downward‑Facing	
Dog)	to	strengthen	the	arms,	legs,	and	torso	
while	relieving	LBP,	and	stretch	the	chest,	back,	
hamstrings,	calves,	and	feet.	Relieves	stress	and	
mild	anxiety	and	improves	focus[61]

f.	Ardhasourya	Namaskar	(Half	Sun	Salutation)	
to	increases	blood	flow	to	muscle	making	
tendons/ligaments	more	pliable[55,62]

g.	Breathing	Pigeon	Pose
h.	Janu	Sirsasana	(Head	to	Knee	Forward	
Bend)	to	open	chest	while	stretching	calves,	
hamstrings,	and	lower	back.	It	also	relieves	
stress,	anxiety,	and	mild	depression[61]

i.	Simple	twist	before	moving	into	Savasana	in	
position	of	own	choice

2‑3

5
5
5

5
5

10

5
5

7

9 Opening:	Check‑in
Sequence:
a.	Nadi	Shodhana	Pranayama	‑	(Alternate	Nostril	
Breathing×10)	to	cleanse	energy	channels	and	
regulate	breathing[61]

b.	Seven	stretches	of	the	spine
c.	Traction	in	supine	with	three	people	
for	lumbar	pain	relief.	Participant	lays	on	floor	
with	yoga	strap	looped	around	waist.	First	partner	
crosses	strap	and	places	behind	their	calves	and	then	
walks	backward	until	the	strap	is	taut.	Participant	
reaches	arms	overhead	and	holds	second	partner’s	
ankles.	On	an	exhale,	both	partners	press	in	opposite	
directions.	Individual	stays	in	pose

5‑7

5‑7

10
1

Opening:	Check‑in	included	chakra	discussion	and	
impromptu	discussion	of	addictions,	endorphins,	
substance	abuse,	SAMSKARAS	(repetitive	
patterns	of	behavior),	and	impact	on	the	autonomic	
nervous	system

25‑30

Contd...
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Table 1: Contd...
Yoga sequence with primary rationale, reference for the first mention, and time for each yoga session

Weeks First class: Restorative Minutes Second class: Basics Minutes
e.	Supta	Padangusthasana	1	with	neck	traction	to	
release	cervical	spine[66]

f.	Simple	twist	before	moving	into	Savasana	in	basic	
relaxation	pose

10

20

Sequence:
a.	Pranayama	‑	Samavrtti	Breathing	(5	min)
b.	Vrksasana	(Tree	Prep)	for	introduction	
to	balance.	Works	to	remedy	flat	feet	
while	strengthening	the	arches,	ankles,	
calves,	and	thighs.	It	also	lengthens	the	spine	
and	improves	balance	while	opening	the	
shoulders,	chest,	thighs,	and	hips.	Balance	
poses	calm	the	mind,	reduce	stress,	and	
increase	focus[54,61]

c.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

5
7‑10

15‑20

10 Opening:	Check‑in
Sequence:
a.	Easy	Seated	Pose	with	V‑Pac	series×20
b.	Seven	stretches	of	the	spine
c.	Plank	in	knee	variation
d.	Cobra
e.	Downward	Facing	Dog
f.	Half	sun	salutation
g.	Virabhadrasana‑1
h.	Virabhadrasana‑2
i.	Tree	Prep	(ChairWall)
j.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

2‑3

3
5
3
3
7
5
5
5
3
15

Opening:	Check‑In
Sequence:
a.	Easy‑seated	Pose	with	V‑Pac	Series×20
b.	Seven	stretches	of	the	spine
c.	Plank	knees	down	variation
d.	Cobra
e.	Downward	Facing	Dog
f.	Half	Sun	Salutation
g.	Parsvottanasana	(Pyramid	Pose)	hands	on	
blocks	variation	to	strengthen	the	feet,	ankles,	
knees,	shins,	and	thighs.	It	releases	hips	while	
stretching	hamstrings	and	lengthens	the	spine	
and	improves	balance[61]

h.	Virabhadrasana	lll	Prep	(Warrior	3	Prep)	
with	hands‑on	block	variation	for	stabilization	
to	strengthen	feet,	ankles,	calves,	knees,	and	
thighs	while	stretching	the	hips	and	groin.	It	also	
improves	balance
i.	Warrior	3	Prep	with	the	foot	at	wall	variation	
to	provides	proprioceptive	input	and	stabilization	
for	the	back	leg[61]

j.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

2‑3

5
5
2
2
2
5
10

5‑7

7

7‑10

11 Opening:	Check‑in
Sequence:
a.	3‑Part	V‑Pac	Series
b.	Seven	stretches	of	the	spine
c.	Supta	Badha	Konasana
d.	Simple	twist	before	moving	into	Savasana	in	legs	
up	incline	position

3‑5

5‑7
10
20
20

Opening:	Check‑in
Sequence:
a.	Seven	stretches	of	the	spine
b.	Plank	knees	down	variation
c.	Cobra
d.	Downward	Facing	Dog
e.	Half	Sun	Salutation
f.	Pyramid	Pose
g.	Warrior	3	Prep	hands‑on	block	variation
h.	Warrior	3	Prep	foot	at	wall	variation
i.	Warrior	3	Pose	to	strengthen	feet,	ankles,	
calves,	knees,	and	thighs	and	stretch	the	hips	and	
groin.	It	also	improves	balance[61]

j.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

2‑3

10
5
5
5
5
5‑7
5‑7
5‑7
5

10‑15

Contd...
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Table 1: Contd...
Yoga sequence with primary rationale, reference for the first mention, and time for each yoga session

Weeks First class: Restorative Minutes Second class: Basics Minutes
12 Opening:	Check‑in

Sequence:
a.	Seven	stretches	of	spine
b.	Supta	Badha	Konasana
c.	Simple	twist	before	moving	into	Savasana	in	
preferred	position	with	Monkey	story	meditation

7‑10

10
20
20

Opening:	Check‑in
Sequence:
a.	Seven	stretches	of	the	spine
b.	Plank	knees	down	variation
c.	Cobra
d.	Downward	Facing	Dog
e.	Half	sun	salutation
f.	Salamba	Sirsasana	l‑Headstand	Prep	with	
three	blocks	and	feet	on	floor	variation	to	
release	pressure	cervical	vertebra,	relax	
trapezius,	stretches	hamstrings,	and	calves	with	
massage‑like	effect	in	thoracic	spine[67]

g.	Supta	Padanghustasana	l	with	strap	around	
head	and	foot	variation	to	lengthen	and	relax	the	
cervical	spine	and	activate	PNS[60]

h.	Seated	meditation
i.	Simple	twist	before	moving	into	Savasana	in	
preferred	position

2‑3

10
5
5
5
5
10

5

5

7

13 Opening:	Check‑in
Sequences:
a.	3‑Part	V‑Pac	Series	with	Samavritti	Pranayama
b.	Seven	stretches	of	the	spine
c.	Individual’s	choice	of	pose
d.	Savasana	in	preferred	position	ending	with	simple	
twist

3‑5

5‑7
10
20
20

Group	discussion	about	home	practice
Sequence:
a.	3‑Part	V‑Pac	Series	with	Samavritti	
Pranayama
b.	Supta	Padanghustasana	l	with	strap	around	
head	and	foot	variation	to	lengthen	and	relax	
cervical	spine	and	activate	PNS[60]

c.	Headstand	Prep	at	wall	with	3	blocks	inversion
d.	Easy	Seated	Pose	meditation	focused	on	
breath	ending	with	simple	twist

20‑30

3

10

10

5‑7

PNS=Parasympathetic	nervous	system,	LBP=Low	back	pain,	TFL=Tensor	fascia	latae,	CNS=Central	nervous	system,	ROM=Range	of	motion

scores	 measured	 over	 time	 (P	 <	 0.001)	 were	 recorded	
before/after	most	classes	[Figure	2b, P ≤	0.001].	Significant	
improvement	 was	 found	 in	 Oswestry	 Disability	 Index	
scores	 [Figure	 3]	 from	 pre‑	 to	 post‑yoga	 (P	 =	 0.028)	 and	
over	time	(P	=	0.005).

Upper	 and	 lower	 abdominal	 strength	 (P	 =	 0.008	 and 
P =	0.031,	respectively)	[Figure	4]	demonstrated	significant	
improvement	 following	 the	 intervention	 with	 a	 positive	
trend	 in	 back	 extensor	 strength	 (P	 =	 0.078).	 Likewise,	
spinal	 and	 hip	 flexor	 flexibility	 improved	 significantly	
following	 yoga	 intervention	 (P	 =	 0.002, P =	 0.024	 right	
hip; P =	 0.05	 left	 hip,	 respectively).	 Hamstring	 flexibility	
did	not	show	significant	improvements.

Overall	TNF‑α	 protein	 level	 changes	did	not	 reach	 a	 level	
of	significance	[Figure	5].	Two	of	the	eight	participants	had	
undetectable	 levels.	 Five	 of	 the	 remaining	 six	 participants	
had	 decreased;	 ranging	 28.57%–100%,	 averaging	 76.2%,	
and	the	one	outlier	had	a	large	increase	(82.41%).

Brain	 spectroscopy	 results	 showed	 a	 general	 trend	
in	 NAA	 upregulation	 bilaterally	 in	 the	 DLPFC	 and	

thalamus	 [Table	 2].	 Due	 to	 the	 limited	 number	 of	
participants	 included	 (n	 =	 3),	 traditional	 statistical	
analysis	was	 not	 performed.	Of	 the	 three	 participants,	 one	
participant	 had	 high	 baseline	 NAA	 concentration	 in	 the	
right	 DLPFC	 that	 decreased	 following	 yoga	 intervention.	
Second,	 the	 signal‑to‑noise	 ratio	 was	 too	 high	 to	 obtain	
NAA	 concentration	 in	 the	 left	 DLPFC	 in	 that	 participant,	
and	 the	participant	had	unusually	 low	 level	of	NAA	 in	 the	
left	 thalamus	at	baseline.	Another	participant	also	had	high	
signal‑to‑noise	 ratio	 in	 the	 right	 thalamus	 following	 yoga	
training.

Discussion
This	study	investigated	the	feasibility	and	potential	physical	
and	physiological	mechanisms	underlying	yoga	intervention	
in	 improving	 pain	 and	 function	 in	 a	 predominantly	
underserved	 population	 suffering	 with	 CLBP.	 While	 a	
few	 studies	 have	 looked	 at	 spinal	 flexibility,[30‑32]	 this	
study	 is	 unique	 in	 assessing	 core	 strength	 in	 combination	
with	 measuring	 inflammatory	 markers	 and	 brain	 changes	
as	 potential	 underlying	 mechanisms	 contributing	 the	
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effectiveness	 of	 a	 yoga	 intervention.	 No	 study	 has	 used	
brain	 spectroscopy	 or	 TNF‑α	 to	 examine	 the	 effects	 of	
yoga	 in	 CLBP.	Very	 few	 studies	 have	 looked	 at	 measures	
of	 core	 strength	 in	 a	 yoga	 program,[33,34]	 and	 none	 are	 in	 a	
CLBP	population.

Feasibility

A	 12‑week	 group	 yoga	 program	 in	 an	 underserved	
population	 appears	 feasible	 with	 improvements	 in	
pain,	 disability,	 spinal	 flexibility,	 and	 core	 strength	 and	
some	 interesting	 changes	 in	 physiological	 biomarkers.	
Previous	 findings	 of	 yoga	 for	 the	 management	 of	 CLBP	
in	 an	 underserved	 minority	 population	 show	 a	 44%–65%	
treatment	 adherence	 rate	 for	 two	 versus	 one	 sessions,	
respectively.[25]	 We	 report	 100%	 retention	 rate	 during	
the	 intervention	 phase	 and	 79.7%	 treatment	 adherence	 of	
twice‑weekly	 group	 yoga	 over	 12	 weeks	 of	 intervention.	
All	 participants	 were	 recruited	 in	 3	 months,	 and	 only	 4	

Figure 3: Oswestry Disability Scale. Disability scores improved over time 
P = 0.005 as measured by ANOVA

eligible	 participants	 declined	 to	 participate.	There	were	 no	
adverse	 events	 or	 side	 effects	 from	 participation	 in	 yoga.	
These	findings	support	the	potential	use	of	yoga	as	a	viable	
treatment	option	 for	 the	underserved	population	 to	manage	
CLBP.

Pain and disability

Yoga	 improved	all	measures	of	pain	 intensity	over	 time	and	
showed	immediate	decrease	 in	pain	 intensity	following	each	
yoga	session.	Participants	subjectively	reported	progressively	
longer	duration	of	pain	relief	following	yoga	sessions.	These	
findings	 agree	 with	 most	 previous	 studies	 where	 7	 days–
12	 weeks	 of	 yoga	 decreased	 pain	 and	 pain	 behavior.[35‑38]	
Yoga	 intervention	 also	 had	 greater	 impact	 on	 pain	 intensity	
at	 6‑month	 follow‑up	 compared	 to	 conventional	 exercise	
program[39]	 and	 was	 found	 to	 be	 as	 effective	 as	 physical	
therapy.[36]	 Since	 pain	 is	 the	 primary	 complaint	 for	 seeking	
medical	 care	 that	 may	 not	 be	 accessible	 or	 utilized,	 our	
results	support	yoga	as	an	alternative	 intervention	for	CLBP	
for	underserved	individuals.

Figure 4: Core Strength Measures. Upper abdominal strength showed 
the most improvement over time (P = 0.055) with significance in pre‑post 
measures (P = 0.008). Lower abdominal strength showed a trend over 
time (P = 0.085) with significance in pre‑post measures (P = 0.031). The 
improvements in back extensor strength were not significant but showed 
a trend in improvement (P = 0.078)

Figure 5: Serum TNF-α levels. Two participants who did not have detectable 
levels are not shown. Five of six participants showed a reduction in TNF-α 
levels following yoga intervention, while one outlying participant showed a 
large increase over time including the preintervention assessment

Figure 2: Pain Scores. (a) Pain intensity shows significant improvements 
over time (ANOVA) in all pain at P < 0.001. Pain 1 = present pain, pain 
2 = weekly average pain intensity, pain 3 = weekly best pain intensity and 
pain 4 = weekly worst pain intensity. (b) Present pain intensity on a 1–10 
scale measured immediately before and after yoga sessions (n = 20) showed 
a significant reduction P ≤ 0.001 with a t-test

ba
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By	 decreasing	 pain,	 participants	 may	 be	 more	 likely	 to	
return	 to	 work	 and	 participate	 in	 activities	 they	 once	
avoided.	 We	 report	 an	 average	 40%	 improvement	 in	
disability	 ratings.	 Multiple	 studies	 show	 1–16	 weeks	 of	
yoga	 result	 in	 significantly	 lower	 short‑term	 back‑specific	
disability.[40]	 Research	 supports	 many	 different	 styles	 of	
yoga,	 including	 Hatha,	 Iyengar,	 Viniyoga,	 and	 unspecified	
types	 to	 decrease	 functional	 disability.[41]	 The	 fact	 that	
many	different	styles	of	yoga	are	included	suggests	that	the	
principles	emphasized	in	yoga	are	more	important	than	any	
specific	sequence	of	postures.

Physical measures

Recent	 literature	 suggests	 that	 yoga	 can	 increase	 function	
in	 those	 with	 CLBP	 through	 improvements	 in	 strength,	
flexibility,	 and	 balance.	 Improvements	 in	 strength,	
flexibility,	 and	 balance	 after	 yoga	 are	 made	 because	 of	
the	 emphasis	 on	 physical	 postures,	 breathing	 techniques,	
relaxation,	 and	meditation.[11,31]	We	 found	 an	 improvement	
in	 spinal	 and	 hip	 flexor	 flexibility	 following	 yoga,	
suggesting	 that	yoga	contributes	 to	better	physical	 function	
and	less	disability.	Hamstring	flexibility	was	the	only	ROM	
measure	 that	 did	 not	 significantly	 improve	which	 could	 be	
due	to	the	participants	having	flexibility	close	to	the	normal	
measurements	for	healthy	peers.[42]

One	 novel	 aspect	 of	 our	 study	 is	 improvement	 in	 core	
muscle	 strength.	 Upper	 abdominal	 strength	 showed	 the	
largest	 improvement	 and	 a	 positive	 trend	 in	 back	 extensor	
strength	was	noted.	 Improvement	 in	core	strength	could	be	
attributed	 to	 improvement	 in	 lumbar	 stabilization,	 thereby	
reducing	 pain.	 Further	 studies	 are	 needed	 to	 investigate	
the	 independent	 effects	 of	 yoga	 on	 trunk	 muscles	 for	
pain	 modulation.	 Interestingly,	 the	 tests	 used	 for	 core	
muscle	 strength	 were	 terminated	 due	 to	 pain	 at	 pre‑yoga	
assessment	 sessions	 and	were	 terminated	 due	 to	 fatigue	 at	
post‑yoga	session.

Biological mechanisms

Five	 of	 six	 participants	 with	 detectable	 serum	 TNF‑α	
levels	 had	maintained	or	 decreased	 levels	 from	baseline	 to	
preintervention	 and	 a	 showed	 further	 decrease	 following	
yoga	 intervention.	 TNF‑α	 is	 a	 cytokine	 implicated	 in	
many	 different	 diseases,	 but	 specific	 pathophysiology	
is	 unknown,	 although	 people	 with	 CLBP	 due	 to	 disc	
herniation	 have	 altered	 serum	 cytokine	 levels,	 specifically	
IL‑6	 and	 TNF‑α.[43]	 An	 inflammatory	 process	 other	 than	

CLBP	 could	 have	 produced	 the	 observed	 outlier.	 Our	
findings	are	in	contrast	with	a	recent	study	showing	TNF‑α	
levels	 maintained	 in	 premenopausal	 middle‑aged	 women	
with	 CLBP	 who	 performed	 a	 12‑week	 yoga	 program,	
whereas	the	TNF‑α	 levels	significantly	increased	over	time	
in	 the	 control	 group.[44]	 Our	 results	 align	 with	 a	 study	 of	
overweight	 people	 with	 chronic	 inflammatory	 conditions	
such	as	diabetes	observing	 reduced	serum	TNF‑α	 levels	 in	
those	who	underwent	a	2	hours	daily	yoga	for	10	days.[45]

Although	 a	 small	 sample	 size	 was	 eligible	 for	 the	 MR	
spectroscopy,	 the	 preliminary	 results	 showed	 a	 positive	
trend	 in	 increase	 in	 NAA	 in	 DLPFC	 and	 thalamus.	 Low	
NAA	 in	 previous	 studies	 of	 people	 with	 CLBP	 has	 been	
interpreted	 as	 neurodegeneration[19,22,46]	 or	 neuronal	
metabolic	 dysfunction.[47,48]	 This	 study	 is	 the	 first	 to	
observe	 the	 levels	 of	 neurochemicals	 associated	 with	 a	
yoga	intervention,	so	the	upregulation	found	in	the	DLPFC	
and	 thalamus	 are	 notable.	 Future	 research	 involving	 a	
larger	 sample	 is	 warranted	 to	 determine	 the	 significance	
of	 outcomes	 and	 to	 determine	 whether	 yoga	 has	 positive	
effect	 on	 neurodegeneration	 and	 immune	 dysfunction	
seen	 in	 CLBP.	 Although	 it	 is	 unclear	 how	 CLBP	 and	
yoga	 may	 be	 influenced	 by	 changes	 in	 TNF‑α	 and	 NAA	
upregulation,	 the	 medial	 prefrontal	 cortex	 is	 thought	 to	
coordinate	 autonomic	 and	 behavioral	 stress	 responses.[49]	
Elevated	 TNF‑α	 levels	 appear	 to	 correlate	 to	 high	 pain	
scores	 in	 thoracic	disc	herniations,[50]	 and	 it	 is	 thought	 that	
TNF‑α	 is	 one	 of	 the	 pro‑inflammatory	 cytokines	 involved	
in	 neuropathic	 pain	 through	 a	 GABAergic	 mechanism.[51]	
Immune	cells	 are	 recruited	 in	 response	 to	 injury	and	could	
induct	 the	 sensitization	 of	 peripheral	 nociceptors,	 thus	
beginning	 a	 complex	 interactive	 network	 of	 inflammatory	
mediators,	 neurotransmitters,	 immune	 cells,	 neurons/
support	cells	that	synchronizes	immune	responses,	and	pain	
pathway	modulation.[52]	The	 beneficial	 effects	 of	 long‑term	
yoga	on	 stress	 responses,	 especially	C‑reactive	protein	and	
serum	 IL‑6	 levels,[53]	 highlights	 the	 potential	 benefits	 of	
yoga	on	the	immune	system.	Future	studies	of	the	effect	of	
yoga	on	 the	 interplay	between	central	nervous	system	pain	
regulation	and	immune	responses	are	certainly	warranted.

Limitations

The	 primary	 limitation	 of	 this	 study	 was	 the	 limited	
participant	 number	 needed	 for	 generalizability	 of	 the	
results.	 The	 lack	 of	 group	 difference	 in	 TNF‑α	 levels	
and	 back	 extension	 strength	 could	 be	 due	 to	 small	

Table 2: Brain spectroscopy N-acetylaspartate levels
NAA subjects Right DLPFC Left DLPFC Right thalamus Left thalamus

Pre Post Pre Post Pre Post Pre Post
1 1.218 1.328 1.199 1.38 1.119 1.291 1.397 1.491
2 1.207 1.265 1.281 1.379 0.82 1.228 1.666
3 2.704 1.678 1.213 1.308 0.563 1.483
The	blank	cells	 are	 representative	of	missing	data.	NAA=N‑acetylaspartate,	DLPFC=Dorsolateral	prefrontal	 cortex,	Pre=Preintervention	
measurement,	Post=Postintervention	measurement
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sample	 size.	 The	 wait	 list	 design	 lacks	 a	 true	 control	
group	 and	 is	 not	 conducive	 to	 participant	 blinding.	
Yoga	 sessions	were	 performed	 in	 groups	 resulting	 in	 no	
control	 for	 socialization.	 Gender	 bias	 may	 be	 present	
because	 all	 but	 one	 participant	 completing	 the	 study	
were	 female.	 Due	 to	 testing	 facility	 scheduling,	 the	
time	 of	 day	 outcomes	 was	 taken	 were	 variable	 between	
participants.	Results	found	here	should	be	confirmed	in	a	
large	 randomized	 control	 study.	 Despite	 the	 limitations,	
the	detection	of	changes	in	TNF‑α	and	MR	spectroscopy	
scans	 illuminate	 potential	 explanations	 for	 beneficial	
effects	of	yoga.

Conclusion
Yoga	 is	 effective	 in	 reducing	 pain	 and	 disability	 in	 those	
with	 CLBP	 and	 in	 part	 works	 by	 increasing	 flexibility	
and	 core	 strength.	 Brain	 spectroscopy	 and	 TNF‑α	
changes	 should	 be	 further	 investigated	 for	 influence	 on	
pain	 pathways.	 The	 use	 of	 yoga	 appears	 to	 be	 a	 viable	
supplement	 to	 basic	 medical	 treatment	 in	 low‑income	
patient	populations,	where	many	barriers	 to	health	care	are	
present.	A	larger	study	is	feasible	and	warranted.
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